Objective: To obtain a database on the epidemiology of prehospital cardiac arrest and its management by a voluntary ambulance service, with the view for developing future strategies and service improvement. Design: A 6-year prospective study from December 1998 to November 2004, using the Utstein-style template. Setting: A voluntary ambulance service in Hong Kong. Subjects and methods: Ambulance members had to complete and submit a specially designed data form after managing a cardiac arrest case, together with the ambulance run record and the automated external defibrillator (AED) computer printout, if appropriate. Main outcome measures: Survival to hospital discharge and return of spontaneous circulation after resuscitation. Results: A total of 72 cardiac arrests occurred during the period, with patients' age ranging from 29 to 106 years (mean 73.4). Most cardiac arrests occurred at home (46 or 63.9%). There were 58 witnessed cardiac arrests (80.5%), but bystander cardiopulmonary resuscitation (CPR) was started in only nine cases (15.5%) before the arrival of the ambulance crew. Six patients had evidence of rigor mortis or dependent lividity on ambulance arrival. For the 61 patients with electrocardiogram strips, the initial presenting rhythm on the AED was asystole in 45 (73.8%), pulseless electrical activity in 5 (8.2%), and ventricular fibrillation (VF) in 11 (18.0%). The median call-to-arrival time for VF cases (4.0 minutes) was significantly shorter than that of non-VF rhythms (8.5 minutes) [Mann-Whitney U test p=0.008]. Five patients had return of spontaneous circulation after resuscitation, but only one survived to hospital discharge. Conclusions: Bystander CPR and ambulance response time are two areas requiring urgent improvement in our locality. As the majority of cardiac arrests occurred at home, the cost-effectiveness of public access defibrillation for Hong Kong is unclear. However, strategic placement of AED at 'high incidence' locations should be seriously considered.
Introduction
St John is the oldest order of chivalry in the world, having had its beginning in Jerusalem in 1023. In Hong Kong, St John was established in 1884. 1 It is a non-profit non-political organisation committed to promoting and encouraging all work of humanity and charity for the relief of sickness, distress, suffering or danger irrespective of race, colour, creed and circumstances. It is better known for its first aid and ambulance services in Hong Kong. There are ten ambulances stationed at three depots in Hong Kong Island, Kowloon and the New Territories respectively, providing free on-call emergency ambulance service to the public 24 hours daily throughout the year. In line with the concept of the "chain of survival", the skill of automated external defibrillation (AED) was first introduced to St John ambulance members in 1993. Ambulances were equipped with automated external defibrillators in 1995. 1 Formal structured training and monitoring programs were started in 1998. The objective of this study was to obtain a database on the epidemiology of cardiac arrest and its management by St John members, with a view for developing future strategies on voluntary ambulance service and public access defibrillation.
Subjects and methods
This was a six-year prospective study from December 1998 to November 2004. St John ambulance members had to complete and submit a specially designed data form after managing a cardiac arrest case, together with the ambulance run record and the AED computer printout, if appropriate. The following data were collected following the Utstein-style template:
2 date, district, site, sex, age, time when call received, time of arrival at scene, time of departure from scene, time of arrival at hospital, chief complaint, history of cardiac disease, witness, time of collapse, bystander cardiopulmonary resuscitation (CPR), time when CPR was initiated, time when CPR ended, initial electrocardiographic rhythm, time of 1st shock, total number of shocks, return of spontaneous circulation (ROSC), AED model used, patient outcome, and additional remarks. As all ambulance cases would be sent to Hospital Authority hospitals, the latter's territory-wide patient database was accessed to check for hospital admission and survival.
Before March 2001, the AED model used was Laerdal Heartstart 3000, which could generate a monophasic truncated exponential waveform and escalating energy levels. This was replaced in the second quarter of 2001 by the Laerdal Heartstart FR/FR2 models, which used a biphasic truncated exponential waveform and a fixed energy level considered to be safer and more efficacious. 3, 4 The data were entered into the computer software SPSS 10.0 for Windows (SPSS Inc., Chicago, USA), and subjected to statistical analysis. Mann-Whitney U test was used for analysis of continuous variables, with p<0.05 taken as statistically significant.
Results
A total of 72 cardiac arrests occurred during the period. There were 38 males (58.2%) and 34 females (47.2%). Only 69 patients' age was known, ranging from 29 to 106 years (mean 73.4, SD 18.5), and 50 (72.5%) were above 65. All were Chinese except one Italian, one Indian and one Filipino. The sites of cardiac arrest occurrence are shown in Table 1 . The majority of the complaints were collapse, while there were 4 shortness of breath, 3 "injuries" and 1 "drunk". The overall call-to-arrival interval (call to ambulance stop time) ranged from 1-21 minutes (median 8.0), and 10 runs were over 12 minutes (13.9%) ( Table 2 ). For the 34 cases with the interval between ambulance stop time and time of arrival at patient's side recorded, the range was 0-6 minutes (median 2.0). The scene time (time ambulance stopped to time ambulance departed) ranged from 5-62 minutes (n=45, median 12.0). The outlier was a case with rigor mortis. The transport time from scene to arrival at emergency department ranged from 2-25 minutes (n=40, mean 8.5). There were 58 witnessed cardiac arrests (80.5%), including those occurring during transport. However, bystander CPR was started in only nine cases (15.5%) before the arrival of the ambulance crew, two of which were performed by doctors. Six patients had evidence of rigor mortis or dependent lividity on ambulance arrival, four at home and two in hotel. Ten patients were suffering from advanced malignancy. Only 16 had definite history of cardiac disease but 20 had chronic diseases such as diabetes, hypertension, stroke or chronic obstructive pulmonary disease.
As the six patients with rigor mortis or dependent lividity were non-resuscitable, they were excluded from further analysis. Electrocardiogram strips were missing from four patients, and AED was not available in one patient with collapse. For the remaining 61 patients, the initial presenting rhythm on the AED was asystole in 45 (73.8%), pulseless electrical activity (PEA) in 5 (8.2%), and ventricular fibrillation (VF) in 11 (18.0%). Fourteen patients were shocked by AED, as change to VF was detected in three patients by the continuous rhythm monitoring at some stage during the subsequent process of resuscitation or transport. The median call-to-arrival time for VF cases (4.0 minutes) was significantly shorter than that of non-VF rhythms (8.5 minutes) [Mann-Whitney U test p=0.008]. The time from arrival or witnessed arrest to first shock ranged from 1-13 minutes (median 3.0). The number of shocks ranged from 1-10 (median 2.0). The majority of patients were certified dead at the emergency departments but five patients had ROSC after resuscitation (Table 3) . Only one survived and was discharged neurologically intact.
The story of the survivor began on a sunny day in February 2004, while the Community Chest was Figure 1 ). Pulse was detected and CPR was stopped. He regained consciousness in the ambulance on its way to hospital. He had no history of heart disease. He was discharged neurologically intact.
Discussion
In Hong Kong, access for emergency assistance is unified through the telephone number of 999. Free 5 Only 86.1% of our responses met the target of the Fire Services Department, but judging from our small fleet of ambulances, this should be regarded as quite good already. However, the response time should be the time of call to the arrival at the patient's side, instead of at street address only. This is clinically more appropriate as it may take some time to locate and access the flat in a high-rise building (in our cases, it was about two additional minutes).
The time to initiation of resuscitation is the most important factor affecting survival from out-ofhospital cardiac arrest -the "chain of survival": early access, early CPR, early defibrillation and early advanced care. Survival rate declined with increasing time intervals to CPR, defibrillation and advanced care. 6 Predictors of survival in out-of-hospital cardiac arrest (OHCA) include the initial rhythm (strongly related to VF when the emergency responders arrive at the scene), witness, interval between collapse to ambulance arrival, bystander CPR (claimed to maintain circulation and VF), time to defibrillation, patient age, location and comorbidity (e.g. heart failure, diabetes, hypertension, chronic pulmonary disease, cancer, gastrointestinal disease, obesity).
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Some of these factors may be inter-related.
Fredriksson et al systematically reviewed 14 studies on out-of-hospital cardiac arrest published according to the Utstein guidelines and found that bystanderwitnessed arrest varied between 38-89%, bystander CPR was performed in 21-56%, and hospital discharge rate of those with cardiac aetiology varied between 2-49%.
14 Current knowledge indicates that middlesized urban cities (population approximately 0.5 million) are optimal for survival from OHCA. Survival rates have been reported to be lower in both rural small cities and in large cities. 15 The overall survival of OHCA in USA was less than 5%. 17 Sekimoto et al reported that the survival rates of OHCA in Japan were 1.0% in 1989 and 0.9% in 1996. They attributed their low incidence of VF-related OHCA to low incidence of bystander CPR. 12 Asian cities have similar poor survival rates: Taipei city 1.4% (population 2.6 millions), 18 Hong Kong 1.3-3.0% (population 6.8 millions), [19] [20] [21] [22] [23] [24] Singapore 0.5-3.4% (population 4.1 millions), [25] [26] [27] [28] [29] and Osaka 5.1% (population 8.8 millions). 30 Our findings concurred with previous local studies and those of Singapore, and perhaps other large Asian cities as well (Table 4) . Our overall survival-to-hospital discharge rate (1/66 or 1.5%) was dismal. Although more than 80% of the cardiac arrests were claimed to be witnessed, our bystander CPR rate was only 15.5% (9/58). Only 12% of the Hong Kong population had received CPR training, as compared with the recommendation from the American Heart Association that at least 20% of adults need to be trained in CPR before morbidity and mortality from OHCA can be reduced substantially. 31 Similarly, only 18.0% of our patients were in VF on arrival, while the rest had asystole OHCA=out-of-hospital cardiac arrest; CPR=cardiopulmonary resuscitation; VF/VT=ventricular fibrillation/pulseless ventricular tachycardia;
PEA=pulseless electrical activity; ROSC=return of spontaneous circulation.
or PEA which are often considered as 'fatal rhythms'. 32 As mentioned previously, the outcome of OHCA strongly relates to VF when the ambulance arrives at the scene. Bystander CPR increases the occurrence of VF or pulseless ventricular tachycardia (VT). Herlitz et al showed that when the emergency responders arrived within 4 minutes of collapse, 53% of the patients were in VF/VT. This successively declined with time. When the interval was above 20 minutes, only 27% was in VF/VT. 9 The median call-to-arrival time for our VF cases (4.0 minutes) was significantly shorter than that of non-VF rhythms (8.5 minutes), implying that patients might be in a more salvageable state with earlier arrival. A call-to-arrival time of 12 minutes is definitely too long if the prognosis of cardiac arrest is to be improved.
On the other hand, as six patients were biologically dead on arrival, three had evidence of trauma, one had drug overdose, and as a high percentage was suffering from poor premorbid states, malignancy and/ or chronic debilitating illness, a low success rate with resuscitation is to be expected. In addition, unlike overseas data, the majority of our patients were elderly, with the mean age of 73.4 years and 72.5% above the age of 65. More than 60% of our cardiac arrests occurred at home. It has been shown that cardiac arrests outside the home were more often witnessed, more likely to have bystander CPR, less often preceded by symptoms, the rhythm more frequently VF, and survival rate higher. 33 Early defibrillation provides a higher incidence of ROSC in patients with out-of-hospital ventricular fibrillation. [34] [35] [36] Collectively, the effectiveness of early defibrillation is well established, resulting in survival rates approaching 50%. 37 The rate of successful defibrillation was also low in our series (1/11 or 9.1%). Conversion to a pulse-generating rhythm is directly related to the interval between collapse and first defibrillation. 35, 38, 39 Valenzuela et al reported a 74% rate of survival-to-hospital discharge with rapid defibrillation within 3 minutes after cardiac arrest in casinos by on-site security officers. 16 Caffrey et al reported a survival rate of 67% with defibrillation of victims in VF/VT arrest within 3 minutes at the Chicago airports. 7 Four patients with initial presenting rhythm of asystole had ROSC on arrival at hospital. The precipitating cause of arrest for some of them might be respiratory in origin. As expected, none of them survived to hospital discharge. It has been claimed that advanced care only increased hospital admission but failed to improve discharge survival with defibrillation delays. 13 Our survivor was an illustrative case of the importance of strengthening every step in our "chain of survival" as it was a witnessed arrest, with early bystander CPR started by doctors at scene, the rhythm was ventricular fibrillation and early defibrillation was performed promptly. It was similar to the Greek soldier Pheidippedes' collapse and instant death after running 26.2 miles all the way from Marathon to Athens to announce the Greek victory over the Persians in 490 BC -perhaps Pheidippedes could have been saved if an AED was available at that time. 40 Fedoruk et al demonstrated the effectiveness of rapid on-site defibrillation in Casino Windsor, Canada, where 100% of cardiac arrests were witnessed, with presenting rhythm of VF/VT in 91% and a survival rate 65%. In comparison, the community figures were: 54.6% witnessed, VF/VT 34.3%, discharged alive 5.5%. 41 It has been estimated that a system designed for Kuala Lumpur (population 1.4 millions), Malaysia to deliver a defibrillator to 85% of cardiac arrests within 6 minutes would cost approximately US$2.5 millions per year for saving seven lives (6% survival rate), probably three of which would have significant neurological damage. 42 As most cardiac arrests occur at home, 16 public access defibrillation is still a controversial issue in Hong Kong. 37 The challenges are where defibrillators should be placed and who should be trained to use them. As saving a life is invaluable, AED should be strategically placed in "high volume" or "high risk" public locations such as airports, ferry terminals, train terminals and mass gatherings. 16, 43 Clinical audit and quality assurance by a medical director are necessary to ensure the standard of our prehospital ser vice. Care in interpreting the electrocardiograms is necessary as artefacts may be introduced by movements of the ambulance or chest compressions ( Figure 2 ). As AED is now a standard equipment in all ambulances, practising doctors should familiarise themselves with its operations and protocols, in order to provide a "seamless" prehospital and in-hospital care.
This study suffered from the limitation of the small number of cases as the Fire Services Department was the main provider of emergency ambulance service in Hong Kong. In addition, manual entry of some data might result in missing or inaccurate information.
Conclusion
There is little doubt that strengthening the "chain of survival" will improve survival after cardiac arrest, especially early defibrillation. Of many predictors, factors such as witness of collapse, age and comorbidity are uncontrollable, but bystander CPR and ambulance response time are two modifiable areas requiring urgent improvement in our locality. As the majority of cardiac arrest occurred at home, the costeffectiveness of public access defibrillation for Hong Kong is still controversial. However, the strategic placement of AED at 'high incidence' locations should be seriously considered. A territory-wide audit by the Fire Services Department would give a much better epidemiological picture of OHCA in Hong Kong.
